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Pyrogenic silicoa dioxide and a dispersion thereof 

The invention provides a PYrogenically prepared silicon 
dioxide powder, an aqueous dispersion containing this 
silicon dioxide powder and the preparation and use of the 
5 silicon dioxide powder and the dispersion. 

the expression pyxogenic silicon dioxide or pyrogenic 
silica (English: fumed silica, pyrogenic silica) includes 

all highly disperse silicas which are obtained by 

coagulation of monomeric silica in' the gas phase at high 
10 temperature. There are two processes for the industrial 
prep'axation of pyrogenic silicas; high teraperattare 
hydrolysis and the arc process. 

in the. high tentperature hydrolysis process, a homogeneous 
ioixtuxe of a silicon con5>ound in the form of a vapour, 
15 usually silicon tetrachloride, hydrogen, oxygen and an 

inert gas is burnt using a burner in a cooled combustion 
chaifiber. The following reactions then take place one after 
the other: 



20 



1. 2H2 + O2 > 2H2O 2. SiCl4 + 2H2O > SiOa + 4HC1 



E)ue to the homogeneity of the gas mixture the reaction 
conditions, and thus the conditions for production and 
growth, are largely identical for each SiOa particle so veary 
imiform and homogeneous particles can be formed. In the 

well-known process, air is used as the source of oxygen. 
25 Pyrogenic silicas prepared by the well-known process have 
specific surface areas between 10 and 600 m^/g. 

EJ»-A-759410 describes the preparation of a pyrogenic 
silicon dioxide powder with a surface area of less than 
90 m^/g, preferably less than 60 w?/g, and a dibutyl 
30 phthalate index (DBP index), expressed as grams of dibutyl 
phthalate per 100 grams of silicon- dioxide powder, of less 
than 60. The ©BP index is understood to be a measure of the 
structure or Ahe degree of intergrowth of the particles in 
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the powdex:. A low structure is' expressed by a low DBP 
index. Tlie silicon dioxide powder described in 594,10 
therefore lias a relati'v-ely low structure along with a 
relatiLvely low surface area« An essential feature, of tlie 
5 process fox preparing the powder is .preheating the laixttare 
of silicon compound and. air to temperatures of ahout 400'*C, 

The coinbination of low surface area and low stricture is 
also specified in EP-A-1182168 . Dispersions of the silicon ■ 

dioxide powder prepared in that document ha^/e a low 

10 viscosity • .However, it is a disadvantage that stable 

dispersions cano^ot be obtained with a degree of filling of 
more than 30 wt.%. Highly filled dispersions can be used to 
advantage, for example, in the colloidal sol^-gel process 
for preparing glass itCTis due to the low shrinkage which 
15 occurs during drying and sintering. 

The prior art describes silicon dioxide powder with a low 
surface area and a low structure. 

The object of the invention is to provide a silicon dioxide 
'powder which has a low BET surface area, comparable ' to that 
20 xii the prior art, but axi even more reduced structure. The . 
object is also to provide a process for preparing the 
silicon dioxide powder • Furthermore the object of the 
itiveaation is to provide a dispersion with a high degree of 
filling. 

25 The object is achieved by a pyrogenic silicon dioxide 

powder with 

- a BET surface area of 30 to 90 m^/g, 

- a DBP index of 80 or less 

■ » a mean aggregate area of less than 25000 nm ^ 
30 » a mean aggregate circumference ^^^s. :.ass than 1000 nm, 

wherein at least 7 0% of the aggregates_ have a 
circumference of less than 1300 nm. 

The BET surfece area may preferably be between 35 

an:d 75 m^/g,»Farticularly preferably the values may be 
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between 40 and 60 m^/g. Ttie BET surface area is determined . 
in accordance with DIN 66131. 

The DBP index may preferably be between 60 and 80. Diiring 
DBF absorption, the take-up of force, or the torque (in 
5 Nm) , of the rotating blades in the DBP measuring equipment 
is measured while defined amounts of DBP are added, 
coxaparable to a titration. A sharply defined maximum, 
followed by a drop, at a specific added amount of DBP is 
then produced for the powder according to the invention. 

10 A silicon dioxide powder with a BET surface area of 40 

to 60 m^/g and a DBP index of 60 to 80 may be particularly 
preferred. 

Furthermore, the silicon dioxide powder according to the 

invention may preferably have a mean aggregate area of at 
15 most 20000 nm^. Particularly preferably, the mean aggregate 
area may be between 15000 and 20000 nm^. The aggregate area 
can be determined, for exaiarl^. by image analysis of TEM 
images . An aggregate in tlie ^.jntaxt of the invention is 
understood to consist of prxEia?---" particles of similar 
20 structure and size which have intergrown with each other, 
the surface area. of ^ich is less than the sum of the 
individual isolated primary particles . Primary particles, 
in the context of the invention, are understood to be the 
particles which are initially formed in the reaction and 
25 which can grow together to form aggregates as the reaction 
proceeds further. 

A silicon dioxide powder with a BET surface area of 40 
to 60 w?/g, .^viDBP index of 60 to 80 and a mean aggregate 
area between 11-5 000 and 20000 nm^ may be particularly 
30 preferred. 

In a prefer^^d embodiment, the silicon dioxide powder 
according to the invention may have a mean aggregate 
circiamf eren^e^ of less than 1000 nm. Particularly 
pref erably,^he mean aggregate circumf erence may be between 
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600 and 1000 nm. The aggregate circiamf erence can also be 
detenrdned by image analysis of TEM images. 

A silicon dioxide powder with, a BET surface area of 40 to 
60 m^/g, a DBP index of 60 to 80, a mean aggregate area 
5 between 15000 and 20000 nm^ and a mean aggregate 

circTjmferoace between 600 and 1000 nm may be particularly 
preferred. 

Furthermore, it may 'be preferable for at least 80%, 
particularly preferably at least 90%, of the aggregates to 
10 have a circumference of less than 1300 nm. 

in a preferred embodiment, the silicon dioxide powder 
according to the invention may assume a degree of. filling 
in an aqueous dispersion of up to 90 wt.%. The range 
between 60 and 80 wt.% may be particularly preferred. 

15 Determination of tlie iiiaxiimum degree of filling in an - 

acjue-Guis dispersion is performed by the incorporation of 
powder, in portions, into vraiter using a dissolver, without 
the addition of other additives . The maximum degree of 
filling is achieved whCT. either no further powder is taken 

20 up into the dispersion, despite elevated stiarring power, 
i.e. the powder remains in dry form on the surface of the 
dispersion, or the dispersion becomes solid or the 
dispersion staurts to form lun^s. 

Furthermore, the silicon dioxide powder according to the 
25 invention 3Pnay have a viscosity at a toDciperatixre of 23 'C, 
with respect to a 30 wt.% aqueous dispersion at a rate of 
shear of 5 zpm, of less than 100 mPas. In particularly 
preferred embodiments, the viscosity may be less than 
50 mPas . 

30 The pH of the =51 icon dioxide powder according to the 
invention ma^ h between 3.8 and 5, measured in a 4% 
aqueous dispersion. 
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The invention also provides a process for preparing silicon 
■dioxide powder according to tlie invention, which is 
characterised in that at least one silicor. coinpoiind in the 
vapour form, a free-oxygen-- containing gas and a combustible 
5 gas are mixed in a burner of known construction^ this gas 
mixture is ignited at the mouth of the burner and is burnt 
. in the flame tube of the burner, the solid obtained is 
s-e£>arated from the gas mixture and optionally purified, 
i#saierein 

0 - the o^gen content of the free-oxygen-containing gas is 
adjusted so that the lambda value is greater than or 
egual to 1, 

- the gamma-value is between 1,2 and 1.8, 

- the throughput is between 0.1 and 0.3 kg SiOa/m^ of core 
15 ga.3 mixture, 

. - the mean normalised rate of flow of gas in the flame tube 
^t the level of the mouth of the burner is at least. 5 
m/s. 

. The oxygen oont^t of the free- oxygen- containing gas may 

20 correspond to that of air. That is, in this case air is 

usM-as a free-'O^gen- containing gas. The oxygen content 

may, however also take on higher values. In a preferred 
.Maimer, air enriched with o^gen should have an os^gen 
. ^ content of not more than 40 vol.%. 

X^ffibda describes the ratio of oxygen supplied in the core 

to the stoichAometrically required amoimt of oxygen* In a 
preferred e«te©diment , lambda lies within the range 

1 < lambda '^[^^r. 2 . 

Gamma describes the ratio of hyd:^: j :; supplied in the core 
3 0 to the stoichiometrically required • amount of hydrogen. In a 
preferred ^i^odxment, gamma lies within the range 
1-6 < gajcima S... 1.8. 
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The normalised rats of flow of gas refers ' "to the rate of 

■ flow at 273 K and 1 atm. 

A burner of known construction is understood to be a burner 
with concentric tubes. The core gases are passed through 
5 the inner tube, the core. At the end of the tube, the mouth 
of the burner, the gases are ignited. The inner tube is 
surrounded by at least one other tixbe, the sleeve. The 
reaction chamber, called the flame tube, starts at the 
level of the mouth of the burner. This is generally a 
10 conical tube, cooled with water, which may optionally be 
supplied with other gases (sleeve gases) such as hydrogen 
or air . 

The mean, norffialised rate of flow of the gas in the flame 
tuto^ at the level of the mouth of the burner of at least 5 
15 m/s refers to the rate of flow immediately after the 

reaction mixture leaves the burner. The rate of flow is 
determined by means of the volume flow of the reaction 
products in vapour form and the geometry of the flame tube. 

The core gases are understood to be the gases and vapours 
20 supplied to the burner, that is the free- oxygen- containing 

■ gas , generally air or air enriched with oxygen , the 

combustible gas, generally bydrogen. methane or natural 
gas, and the silicon compound or compounds in vapour form. 

Ail essential feature of the process according to the 
25 invention is that the mean normalised rate of flow of gas 
in the f lamei dtube at the level of the mouth of the burner 

• is at least 5 m/s . In a preferred embodiment , the mean 

normalised rate of flow of the gas in the flame tube at the 
level of thewmbuth of the burner assumes values of more 
30 than 8 m/s. 

The mean rate^wf discharge of the gas mixture (feedstocks) 
at the mouthi^of the burner is not limited. However, it has 
proven to bei#mdvantageous when the rate of discharge at the 
mouth of the^burner is at least 30 m/s. 
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In a preferred, embodiment ^ additional air {secondary air) 
may be introduced into tlie reaction chasiber, wherein the 
rate of flow in the reaction chaiBber may be raised further. 

* m a preferred embodiment, the mean normalised rate of flow 

5 of gas in the flame tube at the level of the mouth of the 
burner may be 8 to 12 m/s . 

Ttie type of silicon coinpoimd used in tlie process according 
to the invention is not further restricted. Silicon 
tetrachloride and/ or at least one organochlorosilicon 
10 compound may preferably be used. 

A particularly preferred embodiment of the process 
according to the invention is one in which 

- silicon tetrachloride is used, 

~ the lambda value is such that 1 < lambda ^ 1-2, 
15 - the gamma- value is between 1.6 and 1.8, 

- the throughput is between 0.1 and 0^3 kg SiOa/m^ of core 
gas mixture, 

- in addition ax laast 6mmlB the amount of air, with 
respect to tlie ammxn^ of f ree-oxygen«»containing gas 

20 introduced into the burner, is introduced into th^ flame 

. tube and • . . . 

- the rate of flow of the gas of feedstocks at the mouth of 
the burner is 40 to 65 m/s (with respect to standard 
conditions) 

25 - and the mean normalised re^e of flow of gas in the flame 
tube at the level of the mouth of the burner is between 8 
and, 12 m/s . 

In general during the preparation of pyrogenic oxides , the 

rate of flow of gas in the water-cooled reaction chamber 
30 (flame tube) and in the siibsequent cooling unit (cooling 
stretch) is adjusted in such a way that the best possible 
<::ooling power, that is to say rapi<a cooling of the reaction 
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products, is ensuired. In principle, it is true that tlie 
cooling power increases with decreasing rate of flow of ; 
gas. The lower limit is siraply based on the requirement of 
still being able to transport the product through the pipes 

5 with the gas stream « " . 

Siirp-risingly^ it was d^ionstrated in the process according 

to the int7eri±-iori tfc.at although a considsrable increa.se in 
the rate of flow of gas xn the reaction chmciber resialtad in 
a reduced cooling power ^ it led to a powder with unexpected 
'10 properties. Whereas phyBical cha.racteristics such as BET 

surface area and DBF absorption are substantially unchanged 
as coxttpared with powders according to the prior art^ the 
powder according to the ■ invention exhibits a much lower 
structure. 

15 The invention also provides an e^giieoiis dispersion which 
contains the silicon dioxide powder according to the 
invention. ■ . 

The aqueous dispersion according to the invention may have 
a concentration of silicon dioxide powder between 20 and 

20 80 %, Dispersions with a concentration of silicon 

dioxide powder beti^ean 40 and 60 wt . % may be particularly 
preferred. These dispersions have a high stability and a 
relatively low structure. A dispersion with about 50 wt .% 

* may be very particularly preferred • 

25 In a preferred embodiment , an aqueotis dispersion according 

to the invention with 50 wt.% of silicon dioxide powder has 
a viscosity %which is less than 2500 mPas at a rate of shear 
of 50 rpm. *iaie range less than 2000 mPas may be 

part icularli^i^pref erred . 

30 The aqueous ^dispersion according to the invention may 

pref erabl-^ ^^-re mean particle sise for aggregates of the 
b^^^^-'.. ^ ^c/.der which is less than luG imi. For 

certain a.^, . ^i cat ions, a value of less than 150 nm may be 
particularly, preferred . 
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The dispersion according to the invention' can be stabilised 
by the addition of bases or cationic polymers or aluminimn 
salts or a mixture of cationic polymers and aluminiiim salts 
or acids « 

-5 Ammonia, ammoniijm hydroxide, tetramethylarnmoniijm hydroxide, 
primary, secondary or tertiary organic amines, caustic soda 
solution or caustic potash solution may be used as bases • 

Cationic polymex^s which may be used are those with at least 
one quaternary exmonium group or phosphonium group, an acid 
10 adduct of a priEiary secondary or tertiary aaiine group , 

poly e thy lenimines , polydiallyl amines or polyallylamines , 
polyvinylamines , dicyanodiamide condensates, 
dicyanodiamide-polyamine cocondensates or polyamlde- 
formaldehyde condensates . 

15 Aluminium; salts which may be used are aluminiim chloride, 

aluminimri hydroxyclilorides of the general formula AlCOH)xqi 
where x=2-8, aluminium chlorate, a.lijMiixiuiE sulfate, 
aliaminium nitrate, aluminitmi hydroxynitrates of tim general 
formula Al {011)^0% where x=2-8, aluminiuma acetate, alums 

20 such as ai'-ominiuiri potassium sulfate or aluminium aimaonium 
sulfate, aluminium formates , aluminium lactate, aluminium 
oxide, aluminiiam hydroxide acetate, alijminium isopropylate, 
altjminixam hydroxide, aluminium silicates and mixtures of 
the previously mentioned compoxinds, 

25 ■ AC; ids which may be used are inorganic acids, organic acids ■ 
or mixtures of the previously mentioned. 

Inorganic acids which may be used are in particular 
phosphoric acid, phosphorous acid, nitric acid, sulfuric 
acid, mixtures thereof and their acidic salts • 

30 Preferred organic acids ar-^^ ^arboxylic acids of the general 
formula CnH2n^iC02H, where n=0-6 or n= 8,10,12, 14, 16, or 
dicarboxylic acids of the general formula HO2C (CH2) nCOaH, 
where n=0-4, or hy dr oxycarboxy 1 i c acids of the general 
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formula R1R2C C0H}C02H, wiiere Ri=H, Ra^CHa, CH2CO2H, 
CHCOHlCOaH, or phthalic acid or salicylic acid, or acidic 
salts of tke pxte^^iously mentioned acids or mixtures of tlie 
previously mentioned acids and their salts. 

5 The dispersion according to tlae invention may be 
particularly advantageous ly stabilised by 

tetramethylaxnmonium hydroxide or aluminium hydro3cychloride 
in acid medium. 

The dispersion may optionally also contain further- 
10 additives. Triese may be, for exa^le. oxidising agents such 
as hydrogen peroxide or peracids, oxidation activators, the 
purpose of which is to increase the rate of oxidation, 
corrosion inhibitors such as, for example, benzotriasiole . 
Furthermore, surface-active substances which are of the 
15 non-ionic, cationic, anionic or amphoteric type laay be 
added to the dispersion according to the invention • 

The inxfention also pro^^-LcVas ^-::-cess for preparing the 
dispersion according tc r^.s arcion which is 
characterised in that rne s-^"^'-:--r. dioxide powder according 
20 to the invention is incorporated, using a dispersion 

device^ into water" which can be stabilised by adding bases 
or cationic polymers or alisminium salts or a mixture of 
cationic polymers and alumdnium salts or acids and then 
further dispersed for a period of 5 to 30 minutes . 

25 a?here is no restriction on the type of dispersion device . 

- ■ However, it-t^may be advantageous to make use of dispersion 

devices with a high energy input, designed specifically for 
the preparation of iiigiily filled dispe: r „ r^-^^- rr^ese may be, 
for example-,-. ^rotor-'Stator systems, planv. -^-^i :soirtpounders or 

30 high energy^iiiiills . In the last-mentionew, predispersed 
streams of mnm^mxBj.on imder h^^v. ^i:: -assure are depressuxised 
via a nozzle, i^ie a^^persion jets impact precisely on 

each other r^d the particles itd.ll each other • Xn another 
embodiment, «khe predispersion is also placed under high 
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pressure, but collision of the particles takes place 
against hardened wall regions . A rotor-^stator system may 
preferably be used to prepare the dispersion according to 
the- invention, 

5 The invention also provides use of the silicon dioxide 
powder according to the invention as a filler in rubber, 
silicone rubber and plastics, to adjust the rheology in 
dyes and lacquers and as a support for catalysts . 

The invention also provides use of the dispersion according 
10 to the invention to prepare glass items, for chemical- 
mechanical polishing and to prepare ink- jet papers. 
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KKamples 

The SET surface area is detenained in accordance with. DIN 
66131, 

1?h^ dibutyl phthalate absorption is measured with a- 
'5' HHEOCOEB 90 instrument made by Haake, Karlsrufee. For- tririis 
- purp-ose, 16 g of the sf^Iirc^r. powder, weignexi oxxc fco 

axi accuracy of 0.001 g, is pliacaci in a mi>ring dha^e:r, this 
is sealed witli a lid and dibutyi phtnalate is added at a 
, -,pre--set rate of addition of 0.0667 ml/s via a hole in the 
10 ' lid-- The mixer is operated with a motor speed of 125 revs 
per minute . After reaching inaximum torxgue^ the laixer -and 
DBF addition are automatically switched off. The DBF z ' 
absb^igrtion is calculated from the amount of DBF cons\amed 
Mid\thiB aiaount of particles weighed out in accordance with: 

15 mp index Cg/100 g) = (DBF consumed in g / initial weight 
of particles in g) x: 100 • 

A programmable rheometer for testing coip^lex: flow 
b^a^iour, e^i^i^pped with a standard rotation spindle, was 
mailable for determining the viscosity. 
20 Kate of shear: 5 to 100 rpm 

^femtrerature of measurement: room teirgperature (23^C) 
Concentration of dispersion: 30 wt»% 

FroceKiure: 500 ml of dispersion are placed in a 600 ml 
25 glass beaker and tested at room tenaperature {statistical 
recording of temperature via a measuring seasor) under 
different rates of shear • 

Determination- :of the compacted bulk density is based on DIN 
30 ISO 787 /XI K. 5101/18 (not sieved). 

Determination of the pH is based on DIN ISO 787 /IX, ASTOI D 
1280. JIS K ,S101/24. 
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The image analyses were performed using a TEM, iastx-nmerit 
H 7500 made by Hitachi and a CCD camera Mega'^iew II, made 
by SIS . Image magnification for ewiluation purposes was 
30000 ; 1 at. a pixel density of -3.2 xm. The nxaiiiber of 
5 particles evaluated was greater than 1000. Preparation was 
in accordance with ASTM 3849-89 • The lower threshold limit 
tOT detection was 50 pixels. 

I3etemining the maximum degree of filling in an aqueous 

dispersion: 200 g of fully deionised water were initially 
■ 10 placed in all vessel (diameter a^bout 11 cm) . A dissol*^er 

froiri wm-GBtzmmm, model Dispenmat® with a dissolver 

disc, diameter about 65 mm, was used as the dispersing 
ixnit. 

At the start, the dissolver is operated at about 650 rpm. 

15 tfhe pnowder is added in portions of about 5 g. After each 
addition t there is a waiting period until the powder has 
been completely incorporated into the suspension. Then the 
next portion is added. As soon as incorporation of an added 
aiadiint of powder takes longer than about 10 s , the speed of 

■2'0 t&e dissolver disc is increased to 1100 rpm. Then further 

Stepwise addition is performed. As soon as incorporation of 
^ added amount of powder takes longer than about 10 s, the 
Speed of the dissolver disc is increased to 1700 rpm. 

iai^ ftiastitaum degree of filling is achieved when either no 
25 ftirther powder is taken up by the dispersion, despite 

increased stirring power , i.e. the powder remains in dry 
foxnxi on the surface of the dispersion, or the dispersion 
becomes solid or the dispersion starts to foim lim^s. 

■ The amount of powder added can be detexmined by difference 
30 Weighing (preferably difference weighing of the r^owder 
stock) . The maximum degree of filling j.b calculaca^ ^az 

Maximum degree of filling ^ amoimt of powaer added 
[g] / (amoiHit of powder added [g] + amount of water initially 
introdueed [g] ) x 100% 
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EKaxi^le 1 (comparison eKample) t 

500 kg/h SiCl4 are vaporised at about 90®C and transferred 

to the central tube of a burner of known construction.. 145 

5 Bm^/li of hydrogen and 207 HmVh of air with an oxygen 

content of 35 vol.% are also introduced into this tube. 
This gas mixtiare is ignited and burnt in the flame tube of 
the water-cooled burner . The mean nom^? is^j* r&t-s '-^f f^o^-f 
of gas in the flame tube at the lev el of "che mouth of the 
10- burner is 0*7 m/s« After cooling the reaction gases, the 
pyrogenic silicon dioxide powder is separ^ated from the 
hydrochloric acid- containing gases using a filter and/ or a 
cyclone. The pyrogenic silicon dioxide powder is treated 
\*^ith water vapoxir and air in a deacidif ication tmit. 

15 

Examples 2 feo 4 {comparison exan^les) are parfcrrnied in the 
same way as example 1. The parameters which are al cared 
each time are giveaa in Table !• 



400 kg/h SiCl4 are vaporised at about BO^'C and transferred 

to the central tube of a burner of known construction. 
195 Nm^/h of hydrog«2 and 303 Ito^/h of air with an oxygen 
content of 30 vol«% are also introduced into this tube. 

25 This gas mixture is ignited and burnt in the flame tube of 
the water-cooled burner. The me^ normalised rate of flow 
of gas in the flame tube at the le^/^.l ?f -3 ^^.^ :r ::! ":,he 
burner is 10%m/s. After cooling the Tseri-z^on gases ^ the 
pyrogenic silicon dioxide powder is separated from the 

30 hydrochloric •.acid--Gontaining gases using a filter and/or a 
cyclc-:^^^^. The pyrogenic silicon dioxide powder is treated 
with water vapour and air in a deacidif ication imit. 



wo 2004/054929 



FCT/EP2003/0i4322 



15 

Examples S 8 (in accordance wi^fe tke iaventios) are 
performed in the same way as described in example 1. The 
parameters which are altered each time are given in 
Table 1. 

The analytical data for powders 1 to 8 are given in 
Table 2 . 

«rhe powders according to the invention in escaiaples 5 to 8 
e^diibit much lower values for mean aggregate area, niean 
aggregate circumference and maximum and minimum aggregate 
diameter and thus much less structure than the powders in 
Comparison exanples 1 to 4, 

The powders according to the invention also have a much 

higher maximum degree of filling and a much lower viscosity 
in an aqueotxs dispersion. 
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Table 3 shows the distribution of circtnaf erences of the 
aggregates. Figures lA and IB which are associated with 
this data show the relative frequency (as a %-age) with 
which a certain range of aggregate diameters (in xm) occurs 
in the powders • The x axis is to be read as : up to 490 urn, 
490 im to 1270 im, 1270 nm to 1660 nm, etc. 

Figure lA shows the distribution of aggregate 
circixmf erences for a powder not in accordance with the 
invention from example 3. Figure IB shows the distribution 
of circumferences for the powder according to the invention 
from exaitrple 5. The much narrower distribution for 
aggregates from the powder according to the invention 
should be noted. 

Figures 2A and 2B show TEM images with the same 
magnification. Figure 2A shows the powder in comparison 
example 1, figure 2B shows the powder according to the 
invention in example 5. Here again the lower structure of 
the powder according to the invention can clearly be seen. 
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"iPable 3 s Distribution of cixrcumf erences of aggregates from 
e3s;a3i^le 3 and eKazqple 5 according to image analysis 
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Example 9 s Preparing a dispersion according to the 
invention 

The silicon dioxide powder ac^cording to tlx:^ _s~\—^z:^':torx, from 
example 5 is introduced, in portions under z^ap-ai^^sing 
conditions, to 246.5 kg of fully deionised water adjusted 
to a pH of 11 with tetramethylammoniim hydroxide. 
Dispersion is achieved using a rotor-stator machine of the 
Conti-TDS 5 type made by Ystral. The pH is maintained at a 
value between 10 and 11 by adding tetramethylammonium 
hydroxide. After complete incorporation of the powder, 
. dispersing is continued for a further period of 12 minutes . 
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The resulting dispersion has a silicon dioxide content of 
50 wt.% and a pH of 9 . 6 , It has a viscosity of 1942 mPas , 
measured with a Brookfield viscometer. The mean aggregate 
size, determined using a particle sise analyser Model IiB- 
500 from Horiba, in the dispersion is 145 nm. 

The dispersion exhibits no thickening or sedimentation, 
even after a storage time of 6 months . A dispersion 
prepared in tlie same way using the silicon ^oxide powder 
from example 1 thickens within 2 weeks. 



